0 Publication number: 0 352 993 

A1 

® EUROPEAN PATENT APPLICATION 



@ Application number: 89307476.5 ® 1^.01*0328 3/12 , G10K 11/16 , 

F02C 7/045 

@ IDate of filing: 24.07.89 



® Priority: 25.07.88 QB 8817669 


© Applicant: SHORT BROTHERS PLC 




P.O.Box 241 Airport Road 


(g) Date of publication of application: 


Belfast BT3 9DZ, Northtern Ireland(QB) 


31.01.90 Bulletin 90/05 


@ Inventor: Wilson, Robert Samuel 




<S) Designated Contracting States: 


38 Earlswood Road 


CH DE ES FR IT LI NL SE 


Belfast BT4 3DY Norhern Ireiand(GB) 




@ Representative: Moon, Donald Keith et al 




BREWER & SON Ouallty House Quality Court 




Chancery Lane 




London WC2A 1HT(GB) 


® Noise attenuation panel. 



@ A noise attenuation panel (10) having a backing 
sheet (11), a facing sheet (14) and a cellular core 
(12) having a multiplicity of open-ended juxtaposed 
cells (15). The bacl<ing sheet (11) extends across the 
ends of the cells (15) at the rear of the core (12) and 
the facing sheet (13) extends across the ends of the 
cells (15) at the front of the core (12). The facing 
sheet (14) is made of a porous permeable thermo- 
plastics material. The porous permeable thermoplas- 
tics material for the facing sheet (14) is produced by 
powder sintering a thermoplastics material. 
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NOISE ATTENUATION PANEL 



The present invention relates to noise attenu- 
ation panels and is particularly, although not exclu- 
sively, concerned with noise attenuation panels for 
use in the attenuation of noise in aero engines. 

It has previously been proposed to provide 
noise attenuation panels for reducing turbine en- 
gine noise, the panels being formed as integral 
parts of the aero engine structure. For example, the 
panels may form part of a cowling surrounding a 
turbine engine Inlet duct or be placed adjacent a 
high turbulence region of the fan of a turbo fan 
engine. 

In particular, prior specification GB 2056367A 
describes a process for producing broad band 
noise attenuation panels for use In such environ- 
ments, where they are used as skin surfaces adja- 
cent the engine. 

The panel of GB 2056367A comprises a central 
honeycomb core having a plurality of open-ended 
juxtaposed cells, an imperforate backing sheet ex- 
tending across the ends of the cells at the rear 
thereof, a perforate inner facing sheet extending 
across the ends of the cells at the front of the core 
and an outer facing sheet of fibrous or woven 
material bonded to the inner facing sheet, which is 
said to improve the sound attenuation characteris- 
tics. 

The preferred material for the core and the 

backing and inner facing sheets of the panel of GB 
2056367A is aluminium due to its weight versus 
strength and cost characteristics, although it is en- 
visaged that other metals or materials could be 
used where these requirements are not considered. 

The inner facing sheet for the panel of GB 
2056367A is perforated with a plurality of small 
perforations and the outer facing sheet is adhe- 
sively bonded to the surface of the perforated inner 
facing sheet. The preferred material for the woven 
outer sheet is stainless steel, which is woven as a 
Dutch twill fabric, although it is stated that other 
types of material and weave pattern nriay be utilis- 
ed. 

It has furthermore previously been proposed in 
patent specification GB 2122540A to provide a 
noise attenuation panel of the form described in 
GB 2056367A, except insofar that the apertured 
inner facing sheet is formed from a carbon 
fibre/resin matrix composite material. In particular, 
the apertured inner facing sheet is formed as an 
open weave material in which the apertures are 
constituted by hexagonal openings between three 
sets of carbon threads mutually arranged at 60* to 
one another. The porous woven outer facing sheet 
is, however, made of stainless steel. 

The use of a composite material for the aper- 



tured inner facing sheet of the panel disclosed in 
GB 2122540A has, it is stated, advantages over the 
use of materials such as aluminium. The apertures 
can for example be formed while the resin matrix 
5 Of the composite is in part cured condition, leading 
to a far less expensive process than forming per- 
forations in a metal sheet. Furthermore, the resin 
matrix of the composite material could, it is stated, 
itself provide an adhesive medium by which the 

10 porous outer facing sheet' Is secured to the aper- 
tured inner facing sheet. 

While the noise attenuation panel disclosed in 
GB 2122540A has been found to be successful for 
use in aero engine environments, it suffers from a 

76 number of disadvantages. In particular, it has been 
found that the use of a woven material for the 
porous outer facing sheet gives rise to a relatively 
high resistance to high speed air flow over the 
surface and that sound attenuation is effective over 

20 a relatively narrow band of frequencies. Further- 
more, the problem of metal galvanic corrosion is 
present where the material used is stainless steel. 

It is an object of the present Invention to pro- 
vide a noise attenuation panel which does not 

26 suffer from the above-mentioned disadvantages of 
the noise attenuation panels previously proposed 
and as hereinbefore set forth or does not suffer to 
the same extent from those disadvantages. 

According to a first aspect of the present in- 

30 ventlon there Is provided a noise attenuation panel 
comprising a backing component part, a facing 
component part and a cellular component part hav- 
ing a multiplicity of open-ended juxtaposed cells, 
the backing component part extending across the 

36 ends of the cells of the cellular component part at 
the rear thereof and the facing component part 
extending across the ends of the cells of the cel- 
lular component part at the front thereof, charac- 
terised in that the facing component part comprises 

40 or includes an outer facing sheet which is made of 
a porous permeable thermoplastics material. 

Preferably, the porous permeable thermoplas- 
tics material is produced by powder sintering of a 
thermoplastics material. 

45 Examples of suitable thermoplastics materials 

include polyether ether ketone, polyaromatic ke- 
tone, polyphenylene sulphide, polyamide-imide, 
thermoplastic polyimlde, polyether-imide, polyure- 
thane and polyethylene. 

50 In all embodiments of the Invention hereinafter 
to be described the backing component part is 
imperforate and made of an impermeable sheet 
material which may be made from a non-porous 
thermoplastics material. In some embodiments of 
the invention hereinafter to be described the cel- 
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iular component part is also made of an imperme- 
able sheet material wlilch may also be a non- 
porous thermoplastics material. 

In a first embodiment of the invention 
hereinafter to be described, the facing component s 
part further includes an inner support sheet which 
is perforated and which provides structural support 
from the outer facing sheet. 

The perforated inner support sheet may take 
any one of a number of different forms and may be io 
made from any one of a number of different materi- 
als, it may, for example, be formed from (i) a 
carbon/epoxy resin composite material as pro- 
posed In GB 2122540A, (ii) a perforated aluminium 
alloy sheet, or (iii) an open weave material pro- 75 
duced from an epoxy resin impregnated carbon 
fibre. It may also be made from a thermoplastics 
material. 

In a second embodiment of the Invention 
hereinafter to be described, the cellular component 20 
part comprises a front cellular element having a 
multiplicity of open-ended juxtaposed cells, a rear 
cellular element having a further multiplicity of 
open-ended juxtaposed cells and a septum ele- 
ment which extends across the ends the cells of 25 
the rear cellular element at the front thereof and 
the ends of the cells of the front cellular element at 
the rear thereof and which is made of a porous 
permeable thermoplastics sheet material. 

The porous permeable thermoplastic sheet ma- 30 
terial forming the septum element may be pro- 
duced by powder sintering of a thermoplastics ma- 
terial. 

The walls of the cells of the rear cellular ele- 
ment are preferably made of a non-porous im- . 35 
permeable sheet material whereas the cells of the 
front cellular element may in accordance with a 
further embodiment of the invention be made of a 
porous permeable thermoplastics material. 

According to a second aspect of the present 40 
Invention, there is provided an aero engine includ- 
ing as a structural part of the engine a noise 
attenuation panel according to the first aspect of 
the invention. 

Embodiments of the invention will now be de- 45 
scribed with reference to the accompanying draw- 
ings in whlch:- 

Fig. 1 is a schematic perspective view from 
above of a noise attenuation panel according to a 
first embodiment of the invention; so 

Rg. 2 Is a schematic cross section of an end 
region of the panel shown in Fig. 1, secured to a 
supporting channel member; 

Figs. 3, 4 and 5 are schematic scrap view 
cross sections of noise attenuation panels accord- 55 
ing to three further embodiments of the invention; 
and 

Fig. 6 is a schematic cross-section of an 



aero engine embodying noise attenuation panels 
according to the invention. 

Referring first to Figs. 1 and 2, the noise at- 
tenuation panel 10 comprises a backing sheet 11, a 
cellular core 12 and inner and outer facing sheets 
13 and 14. 

The cellular core 12 comprises a multiplicity of 
open-ended juxtaposed cells 15 of hexagonal cross 
section to provide a honeycomb configuration. 

The backing sheet 11 is unperforated and 
made from an impermeable sheet material, as 
shown in Rg. 2, and is secured by an epoxy resin 
adhesive El to the lower face of the cellular core 
12. 

The inner facing sheet 13 is made from an 
open square weave fabric formed from a carbon 
flbre/resIn matrix composite material and the weave 
is such as to provide apertures constituted by the 
openings l)etween adjacent warp and weft threads 
of the fabric. The fabric is preferably so woven as 
to produce a proportion of open aperture area 
relative to the total surface area of the sheet of 
around 30%. At the same time, the fabric is so 
woven that a relatively large number of its ap- 
ertures are contained within the bounds of each 
cell 15 of the cellular core 12. 

The outer facing sheet 14 conriprises a sheet of 
a porous permeable thermoplastics material pro- 
duced by powder sintering the thermoplastic. Ex- 
amples of suitable thermoplastics materials include 
polyether ether ketone, polyaromatic ketone, poly- 
phenylene sulphide, polyamide-imide, thermoplas- 
tic polyimide, polyether-imide. polyurethane and 
polyethylene. 

The outer facing sheet 14 is bonded to the 
inner facing sheet 13 and the inner facing sheet 13 
is, as shown in Fig. 2, secured to the upper face of 
the cellular core 12 by means of an epoxy resin 
adhesive E2. 

As best seen in Fig. 2, the cells 15 are pro- 
vided with drainage slots 16 to allow for conden- 
sates to drain from the panel 10. 

During manufacture of the panel 10, it may be 
found advantageous to form the inner woven facing 
sheet 13 in a part cured condition and to bring the 
outer facing sheet 14 into contact with It during a 
final curing step so that the resin serves to bond 
the two sheets together. The combined sheets 13 
and 14 may then be secured to the upper face of 
the cellular core 12 using the epoxy resin adhesive 
E2. 

The epoxy adhesives El and E2 may for ex- 
ample be obtained from Ciba-Qeigy Plastics & Ad- 
ditives Company Limited of Cambridge, England. 
Adhesives and resins need not however be epoxy 
resin adhesives, but could for example be a pheno- 
lic, polyimide or thermoplastics resin. 

The backing sheet 11 requires to be imper- 
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forate and made of a non-porous impermeable 
material and may be made of any of the following 
materials:- 

(!) A carbon/thermoplastic composite where 
for example the thermoplastic is polyether ether 
ketone, the material being automatically tape 
wound or hand laid. 

(ii) A carbon/epoxy resin, 

(ill) An aluminium alloy. 
The cellular core 12 is preferably made from a 
non-porous impermeable sheet of any of the follow- 
ing materials:- 

(i) A thermoplastic such as polyether ether 
ketone. 

(ii) A polyester fabric/phenolic resin. 

(iii) A fibreglass/phenolic resin. 

(iv) A NOMEX/phenoIic resin (NOMEX being 
a registered trade mark for an aramid fibre paper 
Impregnated with various resins to produce a struc- 
tural material. By "aramid is meant an aromatic 
polyamide polymer. 

(v) An aluminium alloy. 

The panel 10 Is is of arcuate form, possibly of 
double curvature, and is embodied as a structural 
part of a duct of a nose cowl of a turbofan aero 
engine, the panel 10 being one of several arcuate 
panels disposed just upstream of the fan of the 
engine. It is, of course, of vital importance that the 
panel does not deteriorate in use and, in particular, 
that no part of it becomes detached from its sup- 
porting structure. The structure will usually include 
supporting channel members of which only one 
member 17 is shown in Fig. 2. The panel 10 is 
secured to the member 17 by bonding the inner 
facing sheet 13 to an outer face of a flange 18 of 
the channel member 17 using a carbon to carbon 
bond 19 and by bonding the backing sheet 11 to 
the outer face of a flange 20 of the channel mem- 
ber 17 using a carbon to carbon bond 21. The gap 
22 between the panel 10 and the base 23 of the 
channel member 17 may be sealed or closed by 
use of a mastic 23. 

A panel having an outer facing sheet made of a 
porous thermoplastics material as described with 
reference to Figs. 1 and 2 has been found to give 
rise to several advantages over the panels of the 
prior proposals, including the following:- 

(1) there is a lower flow resistance to high 
speed air flow, and therefore the overall power 
plant efficiency is improved over that obtained us- 
ing the previously proposed panels; 

(2) the sound attenuation is greater and cov- 
ers a wider frequency range than that of the pre- 
viously proposed panels; 

(3) the thermoplastic component parts do not 
have the problem of metal galvanic corrosion; 

(4) the panel is lighter than the previously 
proposed panels; 



(5) there is an improved "blade-off" energy 
absorption compared with the previously proposed 
structures; and 

(6) there is an improved appearance. 

5 Referring now to Fig. 3, a panel according to a 

second embodiment of the Invention is illustrated, 
in which the cellular core 12 of the embodiment of 
the invention described with reference to Figs. 1 
and 2 is replaced by a split cellular core compris- 

10 ing an upper cellular element 121 having a mul- 
tiplicity of open-ended juxtaposed cells 151, a low- 
er cellular element 122 having a further multiplicity 
of open-ended juxtaposed cells 152 and a septum 
sheet 24 which extends across the ends of the 

IS cells 152 of the lower cellular element 122 at the 
upper face thereof and the ends of the cells 151 of 
the upper cellular element 121 at the lower face 
thereof. The cells of the two cellular elements 121 
and 122 form identical arrays and are arranged in 

20 alignment with each other. 

The backing sheet 11. the inner and outer 
facing sheets 13 and 14 and the upper and lower 
cellular elements 121 and 122 of the panel shown 
in Fig. 3 are constructed and bonded together in 

25 the same manner as the sheet 11, core 12 and 
facing sheets 13 and 14 of the embodiment de- 
scribed with reference to Figs. 1 and 2, with the 
backing sheet 11 being secured to the lower face 
of the lower cellular element 122 and the inner and 

30 outer facing sheets 13 and 14 being secured to the 
upper face of the upper cellular element 121. 

The septum sheet 24 is likewise bonded to 
adjacent faces of the cellular elements 121 and 
122. ft is constructed from a porous permeable 

35 thermoplastics material and may take the same 
form as that of the outer facing sheet 14 of the 
panel described with reference to Figs. 1 and 2. 

In a third embodiment of the invention illus- 
trated In Fig. 4, the inner facing sheet 13 of the 

40 panel described with reference to Figs. 1 and 2 is 
omitted and the outer facing sheet 14, which is 
made of the porous thermoplastics material, is ad- 
hered direct to the upper face of the cellular core 
1 2 using adhesive E2. 

45 In Fig. 5, a fourth embodiment of the invention 

is illustrated which corresponds to the embodiment 
of the invention described with reference to Fig, 3, 
except insofar as the inner facing sheet 13 is 
omitted and the outer facing sheet 14 is adhered 

50 direct to the face of the upper cellular element 121 
in the manner described for the panel illustrated In 
Fig. 4. 

in yet another embodiment of the invention (not 
illustrated) the panel described with reference to 
55 Fig. 3 may be modified by making the upper 
cellular element 121 of a porous thermoplastics 
material and may be made from any of the materi- 
als proposed for the outer facing sheet 14 of the 
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panel described with reference to Rgs. 1 and 2. 

The septum sheet 24 in the panels illustrated 
In Rgs. 3 and 5 Is described as being made of a 
porous thermoplastics material. It may however if 
desired be made of a stainless steel fabric or any 
of the above-mentioned materials which are suit- 
able for the inner facing sheet 13, the requirement 
of course being that the sheet is either porous and 
permeable, perforated or apertured. 

Referring now to Rg. 6, an aero engine 25 is 
schematically illustrated and includes a turbofan 
power unit 26 mounted within a nacelle 27 sus- 
pended from a pylon 32. The nacelle 27 includes a 
nose cowl 28 having an outer wall 29 and an inner 
wall 30. The inner wall 30 is in part formed by 
noise attenuation panels 10 as described and illus- 
trated with reference to Rgs. 1 and 2. The panels 
10 of Rg. 2 are arranged to form part of the inner 
wall of the nose cowl 28 In such disposition that the 
porous thermoplastics sheet 14 forms the wall sur- 
face defining the air intake duct 31 for the power 
unit 26. The panels 10, in this disposition serve to 
reduce noise created by the high speed flow of air 
passing through the duct 31 and into the power 
unit 26, as well as to reduce noise generated by 
the fan blades of the unit 26. 

It is to be emphasized that the panels 10 In 
Rg. 6 are not employed to reduce air noise by a 
reduction of the air speed by passage of the air 
through the panels, but by contrast acoustic attenu- 
ation is achieved without affecting the speed of the 
air which generates the noise, that is to say, the air 
does not pass through the noise attenuation panels 
10. 

In the aero engine mounting arrangement illus- 
trated in Rg. 6, the power unit is carried by the 
wing mounted pylon 32. It will however be appre- 
ciated that noise attenuation panels 10 according to 
the present invention may equally well be em- 
ployed for reducing noise in other aero engine 
installations. 



Claims 

1. A noise attenuation panel comprising a back- 
ing component part, a facing component part and a 
cellular component part having a multiplicity of 
open-ended juxtaposed cells, the backing compo- 
nent part extending across the ends of the cells of 
the cellular component part at the rear thereof and 
the facing component part extending across the 
ends of the cells of the cellular component part at 
the front thereof, characterised in that the facing 
component part comprises or includes an outer 
facing sheet which is made of a porous permeable 
thermoplastics material. 

2. A panel according to claim 1, wherein the 



porous permeable thenmoplastics material for the 
outer facing sheet is produced by powder sintering 
a thermoplastics material. 

3. A panel according to claim 1 or 2, wherein 
5 the facing component part includes an inner facing 

sheet which is perforated. 

4. A panel according to claim 3, wherein the 
Inner facing sheet is made of an Impermeable 
material. 

10 5. A panel according to any of claims 1 to 4, 

wherein the backing component part is imperforate 
and made of an impermeable material. 

6- A panel according to any of claims 1 to 5, 
wherein the walls of the cells of the cellular compo- 

75 nent part are made of an impermeable material. 

7. A panel according to claim 4,5 or 6, wherein 
the impermeable material is a non-porous thenmo- 
plastics material. 

8. A panel according to any of claims 1 to 5, 
20 wherein the cellular component part comprises a 

front cellular element having a multiplicity of open- 
ended juxtaposed cells, a rear cellular element 
having a further multiplicity of open-ended jux- 
taposed cells and a septum element which extends 

25 across the ends the cells of the rear cellular ele- 
ment at the front thereof and the ends of the cells 
of the front cellular element at the rear thereof and 
wherein the septum element is in the form of a 
sheet of a porous permeable thermoplastics ma- 

30 terial. 

9. A panel according to claim 8, wherein the 
porous permeable thermoplastics sheet forming the 
septum element Is produced by powder sintering 
of a thermoplastics material. 

35 10. A panel according to claim 8 or 9, wherein 
the walls of the cells of the rear cellular element 
are made of an impermeable material and wherein 
the cells of the front cellular element are made of a 
porous permeable thermoplastics material. 

40 11. A panel according to claim 10, wherein the 

walls of the cells of the rear cellular element are 
made of a non-porous thermoplastics material. 

12. A panel according to any of claims 1 to 11, 
wherein the thermoplastics material is polyether 

45 ether ketone, 

13. A panel according to any of claims 1 to 11, 
wherein the thermoplastics material is polyaromatic 
ketone, polyphenylene sulphide, polyamide-imide, 
thermoplastic polyimide, polyether-imide, polyure- 

50 thane or polyethylene. 

14. An aero engine including as a structural 
part of the engine a panel according to any of the 
preceding claims. 

15. A noise attenuation panel substantially as 
55 hereinbefore described with reference to Figs. 1 

and 2, 3, 4 or 5 of the accompanying drawings. 

16. An aero engine including as a structural 
part of the engine a noise attenuation panel sub- 
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stantially as hereinbefore described with reference 
to Figs. 1 and 2, 3, 4 or 5 of the accompanying 
drawings. 

17. An aero engine substantially as herein- 
before described with reference to Fig. 6. s 
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